Abstract. The group V-VI compounds-like Bi2Se3, Sb2Te3, or Bi2Te3-have been widely studied in recent years for their bulk topological properties. The high-Z members of this series form with the same crystal structure, and are therefore amenable to isostructural substitution studies. It is possible to tune the Bi-Sb and Te-Se ratios such that the material exhibits insulating behavior, thus providing an excellent platform for understanding how a topological insulator evolves with applied pressure. We report our observations of the pressure-dependent electrical transport and crystal structure of a pseudobinary (Bi,Sb)2(Te,Se)3 compound. Similar to some of its sister compounds, the (Bi,Sb)2(Te,Se)3 pseudobinary compound undergoes multiple, pressure-induced phase transformations that result in metallization, the onset of a close-packed crystal structure, and the development of distinct superconducting phases.
Since the demonstration of the presence of Dirac cones and chiral surface states in the 3D topological insulators Bi 2 Te 3 and Bi 2 Se 3 [1, 2] , substantial work on "band-structure engineering" of the group V-VI chalcogenides has been undertaken in an effort to disentangle this surface state from the bulk carriers. Differing routes to this goal have been attempted, including optimized synthesis [3] , chemical substitution [4, 5, 6] , and the application of high pressures [7, 8, 9, 10, 11, 12, 13, 14] . Interestingly, some of these experiments have shown a proclivity for superconductivity, either with sufficient doping or pressure [4, 9, 10, 11, 14, 15] , providing tantalizing prospects for quantum computation or spintronic applications.
While the superconducting states of Bi 2 Te 3 , Bi 4 Te 3 , Bi 2 Se 3 , and Sb 2 Te 3 can be induced with pressure, the crystal structure is also susceptible to a series of pressure-induced phase transformations. In general, these compounds realize a high-symmetry crystal structure (shown to be body-centered-cubic for all except Bi 2 Se 3 ) at the highest pressures [7, 9, 15] , and this phase supports the highest superconducting critical temperature T c . With pressure, Bi 2 Te 3 can support superconductivity within the ambient-pressure crystal structure [11] , raising an interesting question as to the roles of crystal structure and band structure in manifesting superconductivity.
To address the potential competition between band and crystal structures, we have synthesized a pseudo-binary alloy of (Bi,Sb) 2 (Se,Te) 3 that displays insulating characteristics in electrical transport at ambient pressure. Under pressure, this compound undergoes a series of structural phase transformations, concomitantly metallizing with the first phase transformation. The high-pressure, metallic phases support two superconducting states, the appearance of which are tied to changes in crystal structure. These results are very similar to those obtained for the other compounds in this family, indicating that superconductivity is dictated by the crystal structure more than the initial electronic structure. Samples were grown from a stoichiometric melt using the following constituent materials: 99.999% Bi (ESPI Metals), 99.99% Sb (ESPI Metals), 99.999% Se (ESPI Metals), and 99.999% Te (ESPI Metals).
The stoichiometry of the pseudo-binary alloy was (Bi 0.75 Sb 0.25 ) 2 (Se 0.43 Te 0.57 ) 3 (i.e., Bi 1.5 Sb 0.5 Se 1.3 Te 1.7 ); hereafter, for brevity, this stoichiometry will be referred to as BSTS. The constituent elements were loaded into an alumina crucible, and sealed in a quartz tube under a partial pressure of ultra-high purity argon. The quartz tube was heated in a box furnace to 850 • C and held for 48 hours, after which the system was allowed to cool to 550 • C over the course of 100 hours. The tube was removed from the furnace, and the samples were extracted from the alumina crucible. Large, single-crystal plates (≈1 cm 2 in area) were cleaved from the solid mass. The crystal structure was confirmed to be single phase by x-ray diffraction, and a Laue backscatter image revealed the single-crystal nature of the samples.
Electrical transport under pressure was measured using a screw-driven, BeCu diamond anvil cell (DAC) that employed one blank 300-µm diamond anvil paired with a 270-µm designer diamond anvil [16] . Tungsten electrical contact pads were sputtered onto the microprobes on the culet of the designer diamond to facilitate electrical contact. A small piece (≈ 50 x 50 µm) of sample was loaded into the sample chamber in direct contact with the microprobes. An MP35N gasket was used in conjunction with steatite as the pressure-transmitting medium. Temperature-and field-dependent measurements were performed in a Quantum Design Physical Property Measurement System. In addition, room-temperature x-ray diffraction experiments were performed at Sector 16 BM-D (HPCAT) of the Advanced Photon Source. These experiments employed a membranedriven diamond anvil cell composed of 300-µm diamond anvils. A powdered sample was loaded into a rhenium gasket, and neon was used as a pressure-transmitting medium. A 30-keV x-ray beam was focused to a size of 5 x 12 µm, and diffraction was collected in a transmission geometry using an image plate. 2D diffraction patterns were collapsed to conventional 1D intensity versus 2Θ patterns using the program FIT2D [17] . Figure 1a reveals the pressure and temperature dependence of the electrical resistivity, ρ(T ) of BSTS. At ambient pressure, BSTS shows insulating behavior with a resistance that decreases with increasing temperature. With pressure, this behavior becomes less pronounced, and above 10.2 GPa, the temperature dependence of ρ exhibits a linear temperature dependence, suggestive of the development of a metallic state. Magnetotransport measurements at 10 K further confirm the metallic nature of the high-pressure state of BSTS. Figure 1b shows the anti-symmetrized, transverse magnetoresistance, R xy , versus magnetic field. At low pressure, the slope is large, indicative of a small carrier density and consistent with the insulating character observed in the ρ(T ) measurements at low pressure. However, above 10.2 GPa, the transverse magnetoresistance becomes small and maintains a low slope up to the highest pressures measured, indicative of metallic conduction. The value of ρ(10 K) and the carrier density extracted from the transverse magnetoresistance are plotted in Fig. 1c . There is a clear transition in the pressure-dependence of the carrier density near 10.2 GPa; and ρ(10 K) mirrors the carrier density, showing a similar discontinuity at 10.2 GPa.
As shown in Fig. 2 , at low temperatures, the pressure-induced metallic state shows superconductivity near T c =2.4 K at P =12.9 GPa. With pressure, T c increases linearly up to a value of T c =5.5 K at P =21.1 GPa. At 18.0 GPa, two transitions become evident in the ρ(T ) curve. The lower T c appears to yield to the higher temperature transition, leaving only a single superconducting transition above 21.1 GPa. This higher temperature transition peaks at T c =9.2 K at 26.8 GPa. Further pressure drives T c down, but T c remains above 7.5 K at the highest pressure measured, 50.7 GPa. Room-temperature x-ray diffraction results clearly show changes in the diffraction patterns, and thus crystal structures, under pressure. Between 9 and 12 GPa, the ambient-pressure structure transforms to a high-pressure phase (Phase-II), which seems to persist up to 21 GPa. At 21 GPa another phase transition occurs into phase Phase-III, as evidenced by the appearance of the diffraction peak near 7.2 degrees. Finally, at the highest pressures, a body-centered-cubic (bcc) phase is realized (Phase-IV). It should be noted that the bcc phase extends down in pressure to at least 24 GPa, meaning that the phase field for Phase-III is fairly small. Because of the widths of the phase fields, the superconducting states shown in Fig. 2b are most likely associated with Phase-II (low-temperature T c ) and Phase-IV (high-temperature T c ). Though the intervening structures, Phases-II and -III, have not been determined, the overall structural evolution with pressure is very similar to the sister compounds Bi 2 Te 3 , Bi 4 Te 3 , and Bi 2 Se 3 , albeit with slightly different transformation pressures.
In summary, despite substantially different ambient-pressure electrical transport with respect to its siblings, BSTS behaves very similar to that of other V-VI chalcogenides under pressure. The application of pressure results in phase transformations to crystal structures that exhibit metallic behavior and support superconductivity. No dramatic differences in this general high- 
